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Re(bpy)(CO)3Cl is a well studied CO2 reduction catalyst, known for its ability as both a photosensitizer and a
catalyst with a high quantum yield and product selectivity. The catalysis reaction is initiated by a 400 nm excitation, fol-
lowed by an intersystem crossing (ISC) and re-equilibration in the lowest triplet state. We utilize the quasi-equilibrium
nature of this long-lived triplet metal-to-ligand charge-transfer (3MLCT) state to completely characterize the solvent dy-
namics using the technique of transient two-dimensional infrared (t-2DIR) spectroscopy to extract observables such as
the frequency-frequency correlation function (FFCF), an equilibrium function. The electronic ground state solvent dy-
namics are characterized using equilibrium two-dimensional infrared spectroscopy (2D IR). Our technique allows us to
independently observe the solvent dynamics of different electronic states and compare them.
In this study, three carbonyl stretching modes were utilized to probe both the intramolecular and solvent environments
in each electronic state. In the electronic ground state, the totally symmetric mode exhibits pure homogeneous broadening
and a lack of spectral dynamics, while the two other modes have similar FFCF decay times of  1.5 ps. In the 3MLCT,
however, all three modes experience similar spectral dynamics and have a FFCF decay time of 4.5 ps, three times slower
than in the electronic ground state. Our technique allows us to directly observe the differences in spectral dynamics of
the ground and excited electronic states and allows us to attribute the differences to specific origins such as solvent-solute
coupling and molecular flexibility.
